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Elemental analysis of rain—aIl(1 fresh water by neutroll

activatioll analysis
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1 GENERAL

In environ珊ent出water monnoring姐djoana】ysis s1]p p】jes concentra“ons．net trans

port and—exchange Tates The kinetic deternⅡnations arc based on radiotracer ex【)eri—

ment s mostlv，eitheT in the laboratorv or lmdcr well denned neld coIldltlons Thc mam

use of elementllj or species‘2
3 deterI血nation bv n eLltron activation analvsis ls cl。selv

related to矗eld work The hnk。ften consists of soHle prec。Ilcentration st印 Cllaractel一

ization bv multi—element deterfnjnatjons and measurement of transuoft ra“js hv wav uf

stable tracers【刮are additional aDDlications

Radioanalysis of water usually makcs part
of analytical progr【Ⅶmles in wlli cIllt is

mandatorv to combine on so￡uHleasurenlents and Iaborat()rv deterInjnatjons At the sDot、

on board a ship or批l aeroplane，samples are taken and pTeconditioned土。r transp。Tt L()

the(radi。一)chemicaI laboratory． The data obtajned sh。uId fit int。th8 I)atterIl set by

the continuous nleasurements of s曲nityl EII(oxydation pot锄tial)，pH}BOD(b瑚og㈦Ll

oxygen demalld)，concentrations of nlajor anlons，confenLration。f particula垤TⅢltter

and the accompfⅥlyi”g particle spectrum

Relations between tllese two groups of resl小s lnay sometimes be mulld 1)y radl。

tTaceT experiInents in con6ned but su珩cicntlv large volunles Distribution cuemcleIlt s、

Manuscnpt recejvcd(1atc 2000一儿一27
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kinetics of exchange at 8quiUbTium and the response to step—or gradlent—IIke cn8”985

have to be considered ln such investiEation s SinⅡlar informati。n can be obtaJned n。。111

the measuremellt of“Ilatural”radi。activity which TeHects，especlaUy in i Ls desequjUbna—

t11e innuellce of continuous mass transport betwcen the aqueous
and soIld pn8ses，

Next to the addition t。other analytical meth。ds，radioanalysis is apphed for Vali+

datioll of theiT Tesmts．

From a DractIcal point or view，it 1s convenient to distinguish between thc叩phca。

tions to rajn一，fresh一，ground一址ld seawater Here only恤e疗rst two are consldeTed

ln the case of rajnwater[5，7’10】and snowl5 6·11』the obvIous use of NAA is the deter。

Injnation of trace elements．The main reasons are characterization a工1d pouution sLudles，

partlv as an extension of“矗ngerprinti”g”by stable isotopes Radiotracer experim锄t s

are virtuaUv im口ossible；stable tracers can be used sporadicaUy With fresh water the

enlPhasis is again on NAA f。T trace deterr河nation，mainly of anIons，aIld expenm8”t8

wjtll stable traceTs【1
2—1⋯

2 INsTRuMENTAL NEuTRoN AcTIVATIoN ANALYsIs(INAA)

2．1 Surv8y of literature

The application of INAA to water is lhnjted by interfering radi。nucbdes fr。m Na，K

【恤d Br：con5eqllently its use is mostly on relatiVely pure water，mst of all on rainwatel

A funher restrictioIl is caused by gammalysis，result血g jll pressure bund—LLp 0ne nIld s

EleIllents deterI rllIl(、(1

Na．K．Mn．Ni[11州

Cl L．1．K，Na，Co，In

(dI h=川2 cm s。1)

Nn．Al'Cl，V，Cr．Fe

㈨fh=5×l(】¨cm一-5

ALBa．C1 eo，1 Mg

(≠t h=10’2cln一2 s一1)

n，Sc Mn，Cs，Br．Ag，SL1．Cd Cr、Hg，Cc SIn[1。

Mn．C()．C u．Zn．Br．In．Sb．1．U[1。

J

Mn．Nn．吼)．，r1．Zn【71

A=．Al，As．A11，Ba，Br，Ca，Cc．CI，Cn Cr，Cu．Dy．n，Hf．Hg，I，K La-Mz．Mn

N。L．Ⅲ1 sh，sc，Se，SuL，s【．Ti，v、zIL‘叫【机h=5×1011(‘m～s_1)

SurnL㈣atcr Br．Cs．Ca．La，R1)，Fc Go【1
2l

(∞仆=10¨cm—s-1)
Na．Rb．Cs，Cd B{L Sh Dr，Sc．La．Cc，SIrl．E11，Yb Th，U．Cr．n，Ct】，Zn mt，C【

H￡"1叫

Na．Sc．Ca，Cr．FP，Ni，Co，Z11．As．Sc．B r，Rb．Ag，Sb，Te．Cs．Ba．La，E1l、rrb，Y、

Hf 7ra，A11，112，T1 L．U‘∞

As Ba，Br．Ca，C‘1．Co Cr、Cu，Eu，n、，H备K．La、Mn Mo．Na、Sb．Sc．S r、U

W ZI L．1
4j

I曲t h=2×101。cnl一。3—1)

Th8 quality。f these deterrrLinations Varjes with the e】ement iIlVolVed

In Ref 117】the pTecision of the detennination is worse than 20％foT 4 elerrlents(ce

Eu，Hf，Yb)，lo 20％for 16 elements(Ag，As，Au，Ba，ca．co，cr，Fe，Hg，I，La，Rb，sb

漱
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Sm，Sr，Th)and better than 10％for 11 elements(Al，Br，Cl，cs，K，Mg，Mn，Na，Sc，

V，zn) The m缸n liIlliting factor is counting statistics．

UsuaⅡy the sarrlples are mtered throughⅡuclepore』8，。】or Inillipore[14，19j疗1ters

Preconcentration may be o耐tted№17】or consists of evaporation by heating㈣11113】
or freeze—drying【7，1引．Concentration．factors are in the order of 102．103

The main adVantage of INAA and RNAA oVer other analytical methods is their

relatlve iIlsensitivity towards cont枷nation，If aUquots are stored in preck甜led plast】c

cont ainers and kept frozen during traIlsport，interference from the capsule is negUgible．

Plastic bags made by heatseahng po王ythene foil are used for l盯ge samplesH

hradjationis done血pIasticviaIswheneverpossibjef7，91川．F0r丑uxes over～1013cnl 2

s～，quartz is apphed【16】．

Irradiation usuaUy implies two d胡鼍rent activations。n separate aUquots：Short acti—

vation durmg 1～10 Ininutes，f。Uowed by 2～10 Injnutes decay and 2～5 millutes counti”g

Long irradjation f0T 3～40 h with 1～14 days cooling and measurement durjng 1 to 5 hours

0ccasionauy hjgh一丑ux irradiati。ns(咖th～1014 cm一2·s_1)are applied on s。1id residues

Activation takes a few days，coolillg 2～4 weeks and measurenlent 30 rnjnutes t。a few

houTs

Standards are based叽an i工lert support，like active carbon，1。aded with known

锄ounts of spectrometricaUy compatible elements

2．2 Standard eleTnental analysis

The procedure used in the radiocheInicaJ laboratory of ECN comprises about 14

trace elements【1引 It is based on irradiation in two Dnellmatic rabbit svstems．a“slow”

(PRs)and a“fast”one(FAsY)，both with～5×1013 cm～-s一1 aIld on a‘hj曲Bux’

facility(PIF)，with 5～8×1013cm一2 s一1 the皿1al nux．A modldar system。f polythene

capsllles with snap caps is used in the rabbit systems，while Mgh pllrity quartz is applied

inthe PIF．

2．2．1 Sampling and saⅡlple treatⅡlent

Raill is coUected at 150 cm above th8 gr011工ld in a wet oIlly s锄pler．A blacl【bag

surrounds the vessel to iIlllibit the growth of algae d1Ⅱing the storage If iron has to

be determined，s。me dilute double distiⅡed njtric acid is Placed in the vessel prior to

sarnpling to prevent adsoTPtion to the cont ainer waU． As soon as possible after the

sampⅡng，the samples甜e mtered The contarnination dllring the mtration by the行1ter

and 6ltration apparatus rnust be nlini工nized

2．2．2 Irradiation and processing of aliquots

DeterⅡdnation of V is based on 2 min irradiation in the FASY：that of Na，Al，C1，Mn

and Br on 4 min in the PRS．Irradjations on preconcentrates∞e performed in the PIF

for the assay of Cr，Fe，Co，Zn arLd Sb．Analytical procedllres are：

(a)slow rabbit system(PRs)

A1iquots of 2．5如山rajIl water are introduced into cIean capstdes by pipettjng

—hradjation takes 4 mjIlutes in a thermal neutron丑1lx of 5×1013 cm一2 s一1
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．Sanl口les re“Irn to the che血cal laboratorv i工l 3 Injnutes．The dose rate at contact

on a sm口1e ca口sule is then～1mSv．h一1．

一Capsules are opened and two工111 amounts aTe pipetted jIl polythene counting vials

—Counting with a Ge—detector connected to a 2048 channel analyzer staTts 4～5

minutes after the end of the irradiatjon． The usual counting time is 10皿nutes The

data output is transTnjtted to a nlinjcomPuter and processed

—Standard5 aTe pTocessed identicaUv

(b)Fhst rabb“system(FAsY)

一Ahquots of 0．8 mL rain water are introduced iIlto clean capsules by pipetti“g

—The samples are irradiated during 2 n血utes in a thermal neutron nux of 3×1013

cm一2 s～ The irradiated sample automaticaUy arrives in the counting position in froIlt

of a 45 cm3 coaXi出Ge detector in a 1ead shelding The aVerage distance samp】e—detector
surface is 5 rnm．The Ge detector is coIlIlected to a 400 charmel analvzer

．Counting in the Uf毫一time mode is started manuaUy as soon as the total dead—tjnle

is lower thaⅡ30％． UsuaⅡy t心takes 2商nutes．PTeset counting time is no咖auy 2

Ininutes

—The area under the 1434keV photoDeak of 52V is determined．Correcti。ns for the

dec8y dur血g measurement are appUed[20，2“

(c)‘High flux’facility(PIF)
．Hu且dred rn_L of rain water is preconcentrated in two steps First the volume is

reduced to～10 111L by eVapora“on of the rain water sa埘_ple during 6 h。urs on a water

bath of 75。C under a continuous now of air矗ltered thou曲a membrane mter of 0 45“m

The Te缸due is weighted and the gTeateBt p艄t transfeTTed to a clean quartz c8psule The

yield of t}Lis transfer is deter血ned by We培上li“g The sanlPle is taken to dryness by

heating the quartz anlp。ule on a hot plate under a gen“e stream of在Itered ah

-The capsule and an iron丑umorLitor，pIaced under the bottom of the amp。ule，are

wr8pped iIl a thin alumjnjtml sheet．

。The sample capsule is transferred to an al向nillm capsule whlch is closed by

weldiIlg hra山ation takes 2 days at a the珊al neutron flux of～5×1013cm s一．

．Samples are aUowed to cool for 3 weeks The contents of the capsllles are traIls—

feITed to polythene countmg vials by at kast three subsequent washings with O 8 M H(：1

cont ailling carrier amolmts of the elements of iIlterest．The concentration of the car“crs

used is—10mg·L_。

-Counting is perf＆Ined with a 45 crr—Ge detector connected to a 4096 channel

anatyzer usual c011Ilting time is 50 rIlinut es

2．2．3．Results

(a)PRs(PneuⅡlatic Rabbit system)
The observed gaⅡⅡna energies are due to the foⅡowing short-bved radionucbdes

24Na，28A1，38C1，41Ar，52V，56Mn，66Cu，80Br and 128I The。bt缸ned speci矗c count rates

af the dj』ferent nuclides can be used for the calclllation of the liⅡⅡts of deterInination

foUowjng CIlrrie【2引 Reslllts are given in Table 1．They compare fav。urabIy with those
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obtained by AAS(atornjc absorption spectrometry) Instrumcntal neutron activatl(川

analysis ofbro血ne based on 8uBr(孔／2=17 6 T11i11)E1=617keV)can lead to erroneuus

res山ts if one is not aw舢e of the spectr a1 mterference from the double escape peak of

蹦C1(丑／2=37．3 rnjn)；E1二620keV．As the ratio ofbrornjne to c11lorine in rain waLeI 1b

of the order of 0 01，this contributjon by 38Cl to the 80Br peak aTea can be considerable

A correction can be made if the ratio of the peak areas of。臣and that at 1642 keV】s

known Thjs ratio js afound O 028

Table 1 Th specl矗c count ratc aIld llmlt of“terⅡ1iIl砒iun of soIne short—lived mdionllclj(1l、、如1

INAA of rain water[16]

一——nuclidP Ineasu red／keV／c01Intsmin
1

pE一1卢B／colInts Lo／119 上q／p暑L一‘
Sodium HNa 15 h 1368 2 2×103 1 300 10 9 5

A111minhnl "Al 2 3min 1 779 l 3×1u5 2900 6 3

Chlonne ”Cl 37．3IILill 1642 2 l×103 1 900 28 14

VaIladluIIl wV 3 75min 1434 5．8×1 05 200 0 2 ()1

Mangancsc¨MI L 2．6h 847 1．6×l驴 1㈨0 O 3 u I 5

Coban “。⋯eo la 5min 58 5 1．4×105 4500 0 9 0 40

CoppPr 6。Cu 5．1 111in 1039 1．4×104 2600 14 7

Bronline 叫Br 17 6miIl 61 7 2 3×104 37∞ 4．1 2【)s

IodiIle ¨“I 25 2miII 443 】9×】0’ 5400 0．5 0 25

Expe—n2助{甜condⅢons jfmdja#jon#jj?2e 4 nij^

C。01i“g time 4．5 miIl

C()uI【tillg mlle 10Ⅲin

Rain water aliquot voluIⅢ2 nlL

∥B=Ah一口k“mj 0 zn删n0F
三o=Abs01ute limit iIl Ilz ur

rclatlve(1iIIlitl ulⅣE L
1

≈。=10

(b)Fast rabbit system

The measurement of short-bved radionucUdes in r越n water by a fast rabblt svstem

has some disadvant89es．First)the sarnple capsule cannot be removed Then tlle speci矗c

count rates wiU be lower due to the shorter lrradiation time FinaUy the aⅡquot v01u rrIe

is smau(o．8 mL)T11e ha擤hfe is decisive The determination of vanadium iIl large senes

of rajn water samples is 8 good exampk-2(” Table 2 gives the reproducibibty obtail Led

w“h Dutch rain water

Table 2 Thc I叩roducibility of instruIllcntal llell”on activa‘ioIl aIl。Llysis of rain watcr ior

short—lived radi。IluclidPs[16]

Average concentra“on

absoiI工tc rcIativcj％

A1

C1

V

MIl

Co

Cu

Br

l

l 2 9

2 3

4．5

3 4

34

43

6 1

23小羚尝尝吣

H

r，“，i“，妣!兰叭¨呲“¨㈨

一

一

一

一

一

L

L

L

L

L．L

L姑蕊慧蕊篡嚣譬黧
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(c)Poolside isotope fhciIitv

Radiotracer elperiments showed that the losses of Cr，Fe，Co，Zn and Sb from ralTl

water du』ing preconcentration by ev印oration to dryness are n89hgible After 2 day5 in

the PIF and a coobng period of a few weeks the mam peaks observed be】oIlg tn 4‘1K．

51Cr，5。Fe，60Co，65Zn and 124Sb The obtained spec血count rates and the lirnJt s。f

deterrnjnation of the elements of interest are鼬ven in Table 3 while the reproducibilitv

Is smmarized in T曲1e 4

Thble 3 T1lc spccl厅c count rate and 11mIt of dc LcrIlllIlatiuIl of some lonE

INAA of rain watel-【1q

nucIide mⅢ1lred／kev／c。unts mill ．pz 1面万面忑丽—1刁面F厂一—-=-?————————————————-------------------------u---————————-—-----—--——————————．．．．．．．．．．．：．．．．．．．—-------—-----———————————：———．．．．．-．．．。。——————二——————：．．．．．．．．．．．．，一Ch r0nliuIn“Cr 27．8(1 32【) 5．7×lO。 1 n00 I 6 O O叭6

Ir【】I L 59Fc 45 d 1099 3 3×10 4()0 130 1 3

Cohalt 6。C。 5．26 v 1l 73 1 3×106 450 0 25 (1 c1025

ZiIl( 6jZn 245 d lll5 5 O x101 400 6 5 0．{ln5

Antlnlo“y 1：4Sb 60．3 d 602 6．2×lO
5

8【】0 0 8 O．1108

‘Da￡a rrfcr tu tlle e11d of恤e irradia¨on：i¨adiatiorl t汕e 2 davs in PIF

Irradia‘ion tiI【le 2 dⅢ：
CoolilLE tiInc 3 wceks：

CnlInting time 50 nliⅢltes

Rain water以iqu()t voh㈣]00mI一

，。B=Ah301ute hIIut i¨011ILt}
￡o=Ab*olu沁hmlL iI L ILE(1r

刑ati⋯nf垲L“
Ao=10

Table 4 The reproducihllity of 111stnlmell七alIleutron activation analysis of raln wakI{u【

on口一¨vc(1 radiorlLlclides

3 DEDICATED RNAA oF RAIN WATER

Next t。INAA，the r。utine programme consists of s。me RNAA procedures Thcy

provide extra elements or上Ligher sensitivity．

3．1．Bromine and iodine by isotopic exchange【2刮

RadioIlucUdes are isolated bv isotopic exchanze between the irradiated saInple and

a s01ution of B02 or 12 in CCl4 The method does not白ve infbmation on the cheⅡdc cll

species The 10wer bTnits of deterHdnation aTe l pg Br-L
1 and 0．1pg I L 1．

The procedure consists of the foUowing steps：

．Irradiation ofa 2．5n山ahquot at～5×1013 cm-1 s一1 dllring<5 minutes
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一Isotopjc exchange between出e sar工1ple and a solutj。n of B。2 or Iz in CCb

．Measurement with a Nar or Ge d“ector

Isotopic exchanze has been used for the isolation of 131I from矗ssion pToducts[2
4|

The method is fast and simple The chemical yield depends on the am。unt of B02 or T2

in the organjc phase and，血principle，on the cheIllical fonTl of the halogens Whereas

旺change between x2 and x
7
or xO 7(x=h“ogen)is very fast[2引，tha¨etweell x2 and

xOj is slow and strongly pH—dependent{2引 The time required for 50％excha”ge be-

tween X2 and the corresPon dj_Ilg organohalogen compounds varies from a few mnutes
to many houTs【2卅．However，for the analytica】procedure thjs is of smaU imp。Ttance as

￡he ac“vated ba】。gen atoms are se七free by recoil【28，2 9|．Thejr subsequen￡￡ransfornlatjon

int。exchanging species is governed by the buu‘composition。f the solution[29】cⅦd che

gmma dose． The exchange yield，as measllred with tTacers，tends to become constant

at concentr乩ions above 10mg Br2 or 12 peT mL cCl4；the value is(88土2)％for brornine

and(89土2)％Ibr jo djne．1’o Dbtajn the latter yje]d，n js mandatory to adjuSt the pH to

ll with arrunonia prior to the irradiation

3．1．1 Sensitivity of the method

After 4 rnjnutes irradiati。n in a thermal neutron n11x of 5×1013 cm一2 s
1 and a

decay time of 9 111inutes the speci丘c count rates are：

377×3“Nal weU type crystal 3×105 counts rnjn一1 pg 1；45 cm3 coa](ial Ge detect。r

1 6×104 counts IIlln～ pgq(sample directly on top of the detector)． with a sample

Volme of 2 rrlI_(e艉ctiVe Volme二1．6mL)and arL exch‘1ng。yield of～90％，the 10weT

liⅡⅡt of the determ协ation js 1 0卢g L 1
fbr bromine and O 1 pg．L一1 for iodjde fbased oIl

aⅡdn皿al detectable count rate of 25 counts Tmn一1 1

3．1．2 Results

Large saInples of tap water，T ain water and sWface water were analyzed矗ve times

to check the TeproducibiⅡty：

Br—concentratioIL／pg·L
1

Lconcentratlon／pg L一4

Rajn water 12．87土U．95 0．73土0 07

Thp water 230土10 4 14土O 34

Surface watPr 309±31 2．46±0 36

3．2 Iodate by anion exchange and subsequent INAAl30，31】

A s印aration ofI’and IO；prior to the iTradiation i5 possible by stepwise elutl。n

from a Dowex一2×8mm2(OH’)colurnn，using o．1m。1／L NaOH or o．1mol／L NH40II as

the eluent．Due to the interference by 24Na，孔／2=15 h，it i5 preferable to use N}140H As

the aff’u廿ty of c1’and NO；is 1arger than that of IO：，c。ncentrations of these interfeTences

sh011ld be k印t below～25mg mL一1 and～10mg．mL
1
respectively

3．2．1 Analytical procedure【3叫

111 the laboratory of ECN，the f0110willg procedllre was chosen as a result of tracer

experiIllents Colur吼s of～0．4 g resin are prepared and connected to tyg。n tubes(cf，

Fig 1) A r缸n water sample is mtered through a 0 45pm membrane mter．A volume of

20～25mL is then f色d into the coluⅡm at a flow rate of 0 22mL．玎dn一1．c。ntrolled bv a
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peristaltic pump．C01unms are washed with 3 mL dauble distiUed water and transferred

to deaned elution systen培They are ehLted with O 1 m01／L NH40H w址ch is added

Fig．1 Tlle elution 8ystem for the I’一10：
seDaration and R)r the determination of 10：

aner Rtt『30]

1 p。1ythene bottle(V=100 mL)，2 cleueIlt

(o 1 mol／L NH40H)，3．p01ythenc nlbe

(4 nun i．d)．4．tap【te丑on)，5 glaRswool，

6 Dowcx一2×8(OH)，7．irradiation capsule，

8．the ell】ate

3．3 Arsenicl32

dro仃wise at a丑ow rate of 0．3mL mjn一1

Vo王umes of～lO m工are coUected iIl the ir—

radiation caDsllles These are se a】ed and

c001ed in Hqujd工utroEen． hradiation is

caTTied out for 4 ndn at a thermal neutron

丑ux of 5×1013 cm～s～ CooⅡng tjme i5

～15I血n Ahquots of 8mL are pipe儿ed

into p01ythene extraction vials in w11ich

200“L concentrated HCl is present and

are shaken with 5 rnL of a I，solution iIl

ccl4(6mg 12 mL_1)for at least 1min

Aliauots of 4Ⅱ正are taken f}om the or—

g砌“c phase and transferred to test tubes

and counted for 15mjIl with a NaT weU

tvDe detector connected to a 400 chan．

nel analvzer．The area under the 442keV

photopeak of m1(日／2=25．2Tmn)is eval一

uated I。date solutions(50pg I L_1)in
double distilled water are used as stan—

d缸ds．

3．2．2 Itesults

The relative standard devlation．ob—

served fbr standard solutions varies fjom

21％at 50ppb tiⅡ一20％at O 2Ppb con-

centrations in Dutch rain water are of the

oTder。f 2 pgl7 L一1 amd 1pg IO：·L一1．

coprecipitation of As(IⅡ)with dibenzyldithjocarbamate(DBDTc)is f01lowed by

reduction of As(V)w“h tMosuIphate and a second coprecipita“on The soHds are co卜

lected on r血cro矗lters and subrIlitted to NAA．The procedure is shown in F培．2

3．4 Seknium[33

The deternlination of selenium is analog。us to that of arsemc．A dIHbreIlce is nlet

in the addition of 100 mg Phenolphtalein to ensure the stabiⅡty of the precipitate Irra—

djation and c01Inting t岫e are adjusted to the radj。nuclide，75Se，正／2=120d．TheⅡ州ts
of deterrnjnation and detection are equal to those f。r arsenic
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l”u
HN03

l mL 25X(w／v)Nl

l s一-。mtn

REDL

l mL]

solut

I

U)l l 2

Fig．2 The optimlz州procedllre‰r 1 00mL samplcs r111ls as sllowll ahoVe Lo cmⅢhltf、l‘一L¨

dried over silicagel and packed in 18×9IIml2 polytllelle colltaillers e(1ulI’”(1 with 1r()11 H¨x

IIloIllLoI s

Irradlation at a丑1lx()f 5x 1013cIll一2s一1(illri“g l 5 IlllIllItes aIl(1(：()()llllg i()r(1“y lH{tJll()w{’(1 in

couInill篮wltll a 45 cIIl3 Gc—dckctur f01 Lllc 559 kf、v"ak¨f弘AH一，!=26 4 h．T¨l L'w{。I]jlc【

nf determinanon is～O．05“只L 1，t上lat of d眦ectloll～l“g L
1

3．5 Silver by cation．exchange and subsequent NAA【M

Rain，melted ha订or snow is ma“plT二3 with acetic acid aIld dripped tllI oLlgh a

smaU column of a ca“on exchange resin at a 10w凡ow Tate The Ag‘一ions are Lhell e11】Le(3

with 0．1 m01／L NH4CNS；about 25 InL is necess甜y Tlle collection emcleflcy is(0n 2)

that of the elution f80士7)％in the册st 5mL of the eluate for am01Ints from 1 O_。⋯f。

10
8
g snver Blank eluent aliquots are processed identicaUy The deternⅡnation 1 s I]ased

on the reaction 10。Ag(nj7)ⅢAg，正／2二24 s

Procedure

．Ion．exchan譬e。n a 0．7×2 cm2 column。f O 5 E 1)。wex一50、200 111esll at a nuw I aLe uI

≤5mL．血llr。．

一EUrllination。f remajniIlg nⅢd on top of the colu瑚山．Addltlon of 5mL 0 l m0l，L

NHdCNS and equilibration for 5 rnjnutes．

一The eluate is siphoned o丑sealed m a polythene矗1111 and transferred to an ITrad】

ation vi柚 lrradiation tdkes 40一60 sec。nds at a恤eTmm neutT。n mlx of 4x 10“cIll 一s
1

一Countingwith a 3“×3’’Nalwell—type crystal starts～20 seconds afterthe end offhP

jⅡadiation to ehminate m。st ofme 16N，日／2=7 3 s，actjvity produced by 1GO(11，I))MN
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Silver concentrations in snow water varv from 5 tu 50 n叠L
1

3．6 Mercurvm】

Inorganic，organic and partjculate Inercury are deter上Iuned ln la79e saHlples as shown

beloⅥ- The total arr∞unt of mercurv is coUected bv passillE a known volume of t!le cnlde

saIllple tllrough an actiVated caTb。n cohlmn(A)PaIt of the sample is centri土uged aIld a

k工10wn frac Lion o土the c【ear uqlIid ls Ied through a11 activated carb。n c01tmm(R—I) T11j s

?1elds t}le morganic dissolved mercuTy．Another cen奸ifuge(1 fractlon is tr甜1sferred to an

aerarlo儿vesseI and the Inercllrv】s redllced with stannous chloride and 1ed LhToLlgh：1n

acthre c：玎bon ad sorbcr

The caIbon fractions and the isolated su5pended m乱ter are analvsed bv NAA、1shl互

¨‘111¨g，yj 2二66h，E一77 keV 079anic mcrcury is obt ajned as tlle dl艇rencc between B—l

and B．2 The m1 a】y Lic柚procedure is slm瑚arizcd in Fig 3．

7rhe linuts uf deterH正natlon∽d detection are 10 and 1 n叠一L
1

res口ectivelv．

4 CoNCLUSIoNS

Fig．3 Mprrury。malys沁pr‘1fl、山Lr

—R01ltine INAA of rainwate。yieIds

。n the appⅡed nelltr。n Hux Dedicated

contnbu“on ls the speclation。f iodine

“p to 14 element c。nce工ltration s、(1。pen cmlg

RNAA adds a few more：its most lmportaIlL

The wlder sc。pe。r 1lteratuTe reports on rajnwater analysls renects the maxi儿lal

rather than the usuaI resu】t

—An】ndependen L apphcation of NAA ls Hlet in the mapping。f the distributi()n of

stable tracers added to the exhaust。f an hldustrjaI Dlant
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